Migraine is a common subtype of headache. Epidemiological studies have revealed that migraine could be an independent risk factor for ischemic stroke even in elderly subjects. Arterial stiffness is one of the major pathophysiological bases of stroke. In the present study, we cross-sectionally investigated the possible relationship between migraine and arterial stiffness in community-dwelling subjects. The study subjects were independently recruited from two sources (Group A, n =134, 68 ± 5 years; Group B, n =138, 68 ± 7 years). Augmentation index (AI), the ratio of augmented pressure by the reflection pressure wave to the pulse pres- 
Introduction
Migraine is a common subtype of headache with specific characteristics including unilaterality, throbbing pain, photophobia or phonophobia, and nausea or vomiting ( 1 ) . Several large-scale epidemiological studies have revealed that the prevalence of migraine ranges from 6 to 13% in the general population ( 2 -6 ). The prevalence is approximately three to four times higher in females, and is highest among women aged in their thirties and forties ( 7 , 8 ) . Migraine is also commonly observed in the elderly ( 8 , 9 ) .
Headaches, in particular migraine, are known to be an independent risk factor for ischemic stroke ( 4 -6 , 10 -16 ). The association between migraine and stroke is more prominent in young women, particularly in those taking oral contraceptives ( 11 -14 ) . However, in the middle-aged to elderly of either sex, the association is controversial. Several epidemiological studies have indicated that severe headache and migraine should be considered risk factors for future stroke prior to the age of 70 ( 5 , 15 ) . In contrast, no significant association was found in a case-control study with elderly subjects aged 60 or older ( 17 ) .
The pathophysiological mechanism by which migraine may lead to ischemic stroke is unclear. Kruit et al . ( 18 ) showed that a combination of migraine attack-related hypoperfusion and embolism could be an underlying mechanism of infarction frequently observed in the posterior circulation territory in migraine patients. However, during a migraine attack, vascular changes are not limited to the cranial circulation. Iversen et al . ( 19 ) reported that migraine attacks are accompanied by generalized peripheral vasoconstriction. Furthermore, migraine patients have displayed increased diameter and/or decreased distensibility of cranial and peripheral blood vessels even in the interictal period ( 20 ) . These observations indicate the importance of vascular properties in the link between migraine and ischemic stroke.
Recently, several parameters have been introduced to assess vascular stiffness ( 21 ) . Augmentation index (AI) is a parameter of arterial stiffness that can be obtained from the central arterial waveform as the ratio of augmentation pressure by the reflection pressure wave to the pulse pressure. It has been reported that central AI is closely related to several risk factors for atherosclerosis ( 22 ) and future cardiovascular events ( 23 , 24 ) . AI can also be obtained from the radial arterial waveform ( 25 ) . Since radial AI is closely associated with aortic AI ( 25 ) , radial AI itself could provide information on vascular properties.
In the present study, we measured radial AI as an index of arterial stiffness to investigate the possible association between migraine and enhanced arterial stiffness in community-dwelling elderly subjects.
Methods

Study Subjects
The study subjects were independently recruited from two sources: attendees of a public exercise seminar held by the city of Matsuyama ( n = 134, Group A), the largest city in Japan's Ehime Prefecture; and participants of a medical check-up program at Ehime University Hospital ( n = 138, Group B). These cross-sectional investigations were carried out as parts of the Shimanami Health Promoting Program (J-SHIPP study), a longitudinal study evaluating factors related to cardiovascular disease, dementia, and death ( 26 -29 ) . The exercise seminar was held twice a week for a 9-month period (from July 2002 to March 2003). Participants in the seminar ( n = 208) were recruited from among the general residents of Matsuyama City. Measurement of blood pressure (BP) and AI was carried out before exercise training during July 2002 to January 2003. The number of participants who gave written informed consent and completed all measurements was 134 (67.0%). None of these subjects had a known history or symptoms of cerebrovascular diseases. The medical checkup, called the "anti-aging dock," which is designed specifically for evaluating aging-related disorders, was also carried out among general residents of Ehime Prefecture. Among the participants from March to August 2006 ( n = 185), those who provided informed consent ( n = 161, 87.0%) and were free from any history or symptoms of cerebrovascular disease ( n = 138, 74.6%) were enrolled in this analysis. The series of studies was approved by the ethics committee of Ehime University School of Medicine, and all participants gave written informed consent to participate in the procedure.
Measurement of BP and AI
Brachial BP and radial arterial waveform were measured simultaneously, and radial AI was calculated from the waveform using a semi-automatic waveform analyzer (HEM-9000AI, OMRON HEALTHCARE Co., Ltd., Kyoto, Japan). In brief, the arterial waveform was non-invasively obtained from the left radial artery by tonometric tracing. The tonometric sensor consisted of 40 arrayed microtransducers within 8 mm, and the most appropriate one was automatically selected for the optimal observation. The sensor head's hold-down pressure was also automatically adjusted for each subject. Waveforms were measured for 30 s and digitized at 500 Hz. Brachial BP was simultaneously measured in the right upper arm by the cuff-oscillometric method. All measurements were carried out with subjects in the sitting position after at least 5 min of rest. The exercise seminar employed a prototype analyzer that is identical to HEM-9000AI except that it uses a laptop computer for the acquisition and analysis of waveforms. Brachial BP was measured using another cuffoscillometric device (HEM-907, OMRON HEALTHCARE Co., Ltd.).
Radial AI was calculated as the ratio of late systolic pressure to pulse pressure: (Fig. 1) , which was automatically calculated using a fourth-order differential equation for radial arterial waveform (HEM-9000AI) (30) . The intra-and inter-measurement variability of radial AI was 4.6% and 3.4%, respectively. A nomogram of radial AI and its correlation with aortic AI has been described elsewhere (25) .
Evaluation of Migraine
Episodes of migraine were evaluated using ID Migraine, a self-administered questionnaire (31) . This questionnaire consists of three questions on disability (How many days did your headache limit your ability to work, study, or do what you needed to do?), nausea (You felt nauseated or vomiting during migraine attack), and photophobia (Light bothered you during migraine attack [a lot more than when you don't have headaches]). The validity and reproducibility of ID Migraine has been confirmed previously using the International Headache Society-based migraine diagnosis as a reference (31). Cross-validation over sex, age, presence of other comorbid types of headache, or previous diagnosis of migraine has also been performed (31) . Subjects with any of these three complaints were considered to have migraine.
Statistical Analysis
Values are expressed as means±SD unless otherwise specified. All statistical analyses were performed using the SPSS software package (SPSS Inc., Chicago, USA). The differences among categories were analyzed using one-way analysis of variance (ANOVA). Differences in prevalence or frequency were analyzed by χ 2 test. Factors independently associated with AI were assessed using multiple linear regres- 
Results
Baseline anthropometric and clinical characteristics of the two study groups are shown in Table 1 . Two subjects in Group A had a history of myocardial infarction and angina pectoris. Nine subjects in Group B had a history of several cardiovascular diseases; 7 with angina pectoris and 2 with atrial fibrillation. There were no significant differences in age or use of antihypertensive medication. The proportion of male subjects was higher in Group B. Radial AI was significantly higher in Group B.
The prevalence of migraine is summarized in Table 2 . In Group A, 47 subjects (35.1%) had headaches, and 7 (5.2%) were diagnosed as having migraine by the ID Migraine questionnaire. The prevalence of headaches (61.6%, p< 0.001) and the proportion of migraine subjects (16.7%, p= 0.003) were significantly higher in Group B. Among the three items of the ID Migraine questionnaire, nausea was the most frequently observed complaint. The number of subjects reporting disability in daily work was quite small, which may reflect Japanese cultural traits. The majority of migraine subjects (79.5%) had headache attacks less than once or twice a month. This frequency was not different between the subtypes of headache (83.4% for migraine, 78.4% for other). Table 3 shows the anthropometric and clinical characteristics of the subjects with migraine. In both study groups, migraine subjects had higher AI, while other major confounding factors including age, body height, BP, and heart rate (HR) were not different. Combined analysis further revealed a higher AI in subjects with migraine. To further clarify the Values are mean±SD. Statistical significance was assessed between subjects with and without migraine. Total number of subjects under treatment of hypertension, hyperlipidemia, and diabetes mellitus is described as frequency.
relationship between migraine and AI, multiple linear regression analysis was carried out (Table 4) . Short stature could be an independent determinant for AI by affecting the arrival time of wave reflection. It is also known that higher HR reduces AI by shortening the cardiac ejection time. However, migraine was an independent determinant of AI after adjustment for these confounding factors. Adjusted AI and its group differences are illustrated in Fig. 2 .
To eliminate the effect of medications, multiple linear regression analysis was carried out again in the subjects not taking any medications (n= 175). The relationship between AI and migraine remained statistically significant (β= 0.204, p= 0.002) along with body height (β= −0.263, p= 0.011) and HR (β= −0.44, p< 0.001). After further exclusion of 3 subjects with a history of cardiac disease (n= 172), migraine was still a significant determinant for AI (β= 0.202, p= 0.002). Furthermore, regression analysis was separately performed in each sex because of the higher prevalence of migraine in female subjects (Table 3 ). The presence of migraine was an independent determinant of AI in both male (β= 0.246, p= 0.009) and female (β= 0.159, p= 0.008) subjects.
Discussion
The present study revealed that subjects with migraine had greater arterial stiffness than migraine-free subjects in the two study groups independently recruited from community residents. This association was independent of other confounding factors including age, sex, body height, BP, and HR. These observations suggest the possibility that migraine could be a manifestation of arterial stiffness in the elderly.
Serotonin (5-HT) is a key mediator of migraine (32) . It is known that stimulation of the 5-HT1 receptor leads to cranial vasoconstriction, peripheral neuronal inhibition, and inhibition of transmission through second-order neurons of the trigeminocervical complex, and thus alleviates migraine and associated symptoms (33) . Most studies have shown that the systemic 5-HT content of platelets in migraine patients is lower than that in healthy controls (34) . It has also been reported that plasma norepinephrine levels are significantly lower in migraine subjects (35) . Since sympathetic nervous activity regulates AI by changing arterial tone, the observations in this study may conflict with the autonomic and humoral properties underlying migraine. However, arterial stiffness is also determined by vessel wall structure. de Hoon et al. (20) have shown higher intima-media thickness in the brachial artery in middle-aged migraine patients. Elevated serum elastase activity has also been reported in migraine subjects (36) . Abnormalities in the extracellular matrix are a possible explanation for the relationship between migraine and enhanced AI. Measurement of AI during migraine attacks may lead to a better understanding of the observed relationship.
Even in elderly subjects, migraine could be an independent risk factor for ischemic stroke. However, the relationship was weaker in the elderly than in young subjects despite the higher incidence of stroke in the former (5) . Enhanced arterial stiffness is known to be a potent risk factor for stroke in the elderly, after adjustment for other conventional risk factors (37, 38) . A significant relationship between AI and cardiovascular events including stroke has also been reported (39) . In younger subjects, decreased regional cerebral blood flow, neurogenic inflammation, and platelet activation have been proposed as pathophysiological mechanisms of migrainerelated stroke (40) (41) (42) . Different mechanisms, such as enhanced arterial stiffness, may be involved in the link between migraine and late-onset stroke in the elderly.
Medications from a broad range of classes have been demonstrated to be effective in preventing migraine attack (33, 43) . Several antihypertensive drugs, such as β-blockers, calcium-channel antagonists, and angiotensin-converting enzyme inhibitors, also have preventive effects. In this study, approximately 30% of subjects were receiving antihypertensive treatment. Accordingly, the possibility could not be excluded that the medication might affect the assessment of vascular properties, as well as the diagnosis of migraine. Additionally, β-blockade increases AI mainly by reducing HR. Ergotamine, a vasoconstrictor for migraine treatment, also reduces arterial distensibility (44) and increases AI (45) . However, the observed association between migraine and enhanced AI was still significant after adjustment for HR. The association was also significant in subjects without medication.
We used ID Migraine as a questionnaire to diagnose migraine. Although the questionnaire's validity and reproducibility were verified previously, it cannot differentiate migraine with aura from that without aura. Migraine can be divided into two major subtypes according to the existence or absence of aura (1) . Aura is a combination of various reversible visual symptoms (flickering lights, spots or lines, loss of vision), sensory symptoms (pins and needles, numbness), and dysphasic speech disturbance that usually occur just before or at the onset of migraine headache. Several reports have shown that migraine with aura carries a higher risk for ischemic stroke than simple migraine (13) . Further study is required to determine whether or not there is a subtype-specific association between migraine and enhanced arterial stiffness.
We observed consistent findings between subjects recruited from two distinct populations. Replication of the findings could strengthen our hypothesis that migraine is associated with enhanced arterial stiffness in elderly subjects. However, the prevalence of migraine was significantly different between the two populations, which could be due to several undefined biases in the study subjects. Accordingly, before it is appropriate to generalize about the observation in this study further confirmation would be necessary in a larger population adjusted for other potential confounding factors.
In summary, the present study showed that migraine is independently associated with enhanced arterial stiffness in community-dwelling elderly subjects, indicating the pathophysiological importance of the vasculature in linking migraine and stroke in the elderly. Migraine in the elderly requires careful attention as a clinical risk factor for future cardiovascular events.
